The biosynthetic origin of the amino acid moieties of enduracidin was investigated by feeding experiments with labeled compounds. Results of the incorporation and the distribution of radioactivity into the antibiotic revealed that glycine, L-serine, L-threonine, L-alanine, L-aspartic acid, L-ornithine and L-citrulline were incorporated into the corresponding amino acid moieties. Unique amino acids, enduracididine and its isomer with an imidazolidine ring, were derived from larginine, but not histidine. Kx (4-hydroxyphenylglycine) and K2 (3,5-dichloro-Kj) moieties were derived from L-tyrosine. 36C1-Sodium chloride was incorporated into the antibiotic in the early stage of fermentation.
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Enduracidin, a unique peptide antibiotic1~3) produced by Streptomyces fungicidicus No. B-5477, shows a strong bactericidal activity against gram-positive bacteria and a growth promoting effect on animals.40 Mizuno et aL5>6) have confirmed the chemical structure, which is composed of 12 kinds of amino acids including 17 amino acid moieties and an unsaturated fatty acid moiety as a side chain (Fig. 1 ). Among these amino acids, enduracididine (a(5 )-amino-j8-4(JR)-(2-iminoimidazolidinyl)-propionic acid, represented as Y1),7) alloenduracididine (a(i?)-amino-jM(iO-(2-iminoimidazolidinyl)-propionic acid, represented as Y2)7) (these are generically represented as Y in this paper) and K2 (3,5-dichloro-4-hydroxyphenylglycine)2) are new amino acids, and Kx (4-hydroxyphenylglycine) is rare in natural products. The aim of this investigation is to elucidate the biosynthetic origin of these four amino acids in enduracidin by the feeding experiment using radioactive compounds.
MATERIALS AND METHODS
Microorganism. Streptomyces fungicidicus No. B-5477, strain 71M-141 was used throughout this work.
Media and culture conditions. The seed and fermentation media are shown in Table I . A spore suspension (5 x 109 cells/ml) was prepared from a slant culture grown on glucose asparagine agar at 28°C for 10 days. An aliquot (0.5ml) of the suspension was inoculated into 200-ml Erlenmeyer flasks containing 40ml of seed medium and incubated at 28°C for 48 hr. One milliliter of the resultant culture was transferred to the 40-ml fermentation medium. Fermentation was carried out at 30°C for 6 days, on a rotary shaker (Gyrotory Model G25, New Brunswick Scientific Co., 200 rpm) with a 14CO2-trapping apparatus.
The radioactive compounds (10/iCi) were added to the culture at zero fermentation time unless otherwise mentioned.
Assay of enduracidin. The amount of enduracidin was determined by the paper disk method using Sarcina variabilis IFO 3067 as a test organism.1* Analysis of labeled enduracidin. The labeled enduracidin was isolated from the culture broth by the method of Sugita et al.8 1.0mg) and non-labeled enduracidin (5mg) was hydrolyzed with 0.5ml of 6n HC1 at 110°C for 18hr in a sealed tube. The amino acids in the hydrolysate were separated by two-dimensional thin-layer chromatography on cellulose (Avicel SF) with a mixture of H-butanol-acetic acid-water (2: 1 : 1, v/v) and a mixture of phenol-0.5N ammonia (80 : 20, v/v) as the first and the second dimensional solvents, respectively, and were detected with 0.02% ninhydrin solution. Each radioactive spot of amino acid on the thin-layer chromatogramwas scraped off from the plate and mixed with a scintillation cocktail for measurement of radioactivity. The incorporation rate of radioactivity was represented by the percentage of the total radioactivity of labeled compound added. Distribution of radioactivity of individual amino acid moieties in enduracidin was represented as a percentage of the total radioactivity of all amino acid moieties in enduracidin.
Measurement of radioactivity.
Radioactivity was measured with a liquid scintillation spectrometer (Aloka, model LSC-502) using an external standard to measure efficiency. Anaqueous sample solution (0. 1 ml) was mixed with 10ml of scintillation cocktail containing 12g DPO (2,5- Fermentation was carried out at 30°C for 6 days using the complex medium. a Specific radioactivity of 14C-labeled compound fed (>Ci//imol)/specific radioactivity of enduracidin produced (^Ci//imol).
b Specific radioactivity represents as /iCi/mg. radioactive enduracidin isolated from the cul-pounds into enduracidin are in Table II . ture broth is shown in Fig. 2 and the results of Amongthe radioactive amino acids tested, the incorporation of various labeled com-glycine, threonine, tyrosine, and ornithine Enduracididine and alloenduracididine. Fermentation was carried out at 30°C for 6 days using the chemically defined medium.
36C1-Sodium chloride (5 /^Ci) was added to the medium. a The chemically defined medium containing 1% of NaCl (6840 /*mol) was used.
b Sodium chloride was omitted from the medium.
cycle-membered amino acids were efficiently incorporated (1.4 to 10.4%), but alanine, serine, aspartic acid, histidine, and phenylalanine were hardly incorporated (0.1 to 0.4%). Organic acids, fatty acids, and carbohydrates were also barely incorporated.
Distribution of radioactivity amongamino acid moieties
The distribution of radioactivity among the amino acids obtained from acid hydrolysis of 14C-enduracidin is shown in Table III . 14C-Ornithine, citrulline, and arginine were incorporated mainly into the Y moiety and parts of them directly into the ornithine and citrulline moieties. 14C-Threonine was incorporated predominantly into the threonine moiety.
About 50 and 40% of 14C-glycine incorporated into enduracidin was distributed to the serine and glycine moieties, respectively, and 60% of 14C-serine to the serine moiety and 40% of the radioactivity to the glycine and threonine moieties. 14C-Tyrosine was specifically incorporated into the Kx and K2 moieties and the radioactivity distributed to them was 82 and 1 8%, respectively. About half the radioactivity of 14C-aspartic acid incorporated into the antibiotic was distributed to the threonine moiety and the remaining activity was randomized to other amino acids.14C-Alanine was also distributed widely to the Y, threonine, and other amino acid moieties. Incorporation of 36Cl-sodium chloride into en dura c idin As shown in Table IV , when 36Cl-sodium chloride was added to the fermentation medium in the presence of sodium chloride, it was hardly incorporated into the antibiotic, but when it was added to the chloride-free chemically defined medium, radioactive sodium chloride was incorporated into enduracidin at the growth phase. The incorporation rate rapidly decreased at the production phase. Almost all incorporated radioactive chloride was distributed to the K2 moiety (Table III) .
DISCUSSION
These studies on the biosynthetic origin of the amino acid moieties of enduracidin indicated that radioactive amino acids such as glycine, alanine, serine, threonine, aspartic acid, citrulline, and ornithine supplied exogenously were incorporated into the corresponding amino acid moieties directly or via their metabolic pathways. Weconcluded that these commonamino acid moieties of enduracidin were biosynthesized through well known metabolic pathways of amino acids as follows: 1) Glycine-serine-threonine pathway; serine ;=± glycine^r^-threonine, 2) Aspartate pathway; threonine -<-aspartate ->-tricarboxylic acid (TCA) cycle -glutamate --ornithine -^citrulline, 3) Alanine pathway; alanine-^pyruvate-^acetyl-CoA--TCA cycle the same metabolic pathway as that of aspartate.
As shown in Fig. 1 It is assumed that the biosynthetic origin of enduracididine and its isomer (Y) is arginine or histidine since it has an imidazolidine ring.
The radioisotopic experiments revealed that arginine, ornithine, and citrulline were efficiently incorporated into the Y moiety, but histidine was not incorporated (Table II) . This finding suggests that the imidazolidine ring of Y moiety is formed by the cyclization between the carbon at the y-position and the amino group of the guanido moiety of arginine. The proposed biosynthetic pathway of enduracididine and its isomer (Y) is shown in Fig. 3 .
Two kinds of aromatic amino acid moieties, Kx and K2, were derived from tyrosine, but not from phenylalanine (Table II) . Tyrosine is probably metabolized to 4-hydroxyphenylglyoxalic acid through a similar pathway as that in nocardicin biosyrithesis,13) and converted to 4-hydroxyphenylglycine (Kx) by a transaminase. The chlorination of the aromatic ring might occur at an earlier intermediate, probably a metabolite of tyrosine, prior to the formation of the peptide, because the radioactive chloride was efficiently incorporated into enduracidin only at the early stage (zero to 48hr) of fermentation at which the antibiotic was not yet being produced.
